), Clements J and Olivé J-M. The impact of immunization control activities on measles outbreaks in middle and low income countries. International Journal of Epidemiology 1997; 26: 662-669. Background. The World Health Organization recommended strategy for responding to measles outbreaks in developing countries does not promote the use of immunization campaigns due to their high cost, disruptive nature and limited impact. Given the substantial morbidity and mortality associated with such outbreaks, a literature review was conducted as a basis for re-evaluating this policy. Methods. Reports of supplementary immunization activities that were performed to control measles outbreaks in middle or low income countries were identified. The impact of the immunization activities on the course of each outbreak was evaluated by examining the data provided. Results. Of 66 reports detailing a measles outbreak in a middle or low income country, 17 described supplementary immunization activities which included seven 'non-selective' immunization campaigns, three 'selective' campaigns and one use of an early 2-dose schedule. Eight of the reports commented on the impact of the response, five of which reported a reduction in outbreak morbidity. Only one of the reports, from an isolated island outbreak, provided sufficient data to support a possible reduction in outbreak-associated morbidity.
In both developing and industrialized countries, the control of measles has been based on achieving and maintaining high routine immunization coverage with either one or two doses of measles vaccine. 1, 2 Even in highly immunized populations, however, measles outbreaks have continued to occur due to efficient transmission of the virus among susceptible individuals. [3] [4] [5] [6] [7] [8] [9] Although high routine immunization coverage has generally increased the interval between measles epidemics and decreased their magnitude, 10, 11 significant time and resources continue to be consumed in efforts to control them. 12, 13 Studies of such efforts in industrialized countries, however, have shown a variable impact on the course of measles outbreaks [14] [15] [16] because of the highly transmissible nature of measles and logistic constraints in the implementation of the strategies.
The reasons for attempting to control measles outbreaks in developing countries are often more compelling than for industrialized nations. Whereas high income nations may implement outbreak control measures as a component of an elimination effort, 19, 20 low income countries are more likely to be motivated by a desire to reduce the severe morbidity and mortality that can accompany epidemics. 21, 22 Given the limited impact of immunization responses on the course of measles outbreaks in industrialized nations, however, it has long been assumed that such activities would be no more successful in developing countries. The World Health Organization (WHO) has advocated that outbreak immunization only be undertaken in areas with either high routine immunization coverage and the capacity to respond immediately to epidemics, or where there is overwhelming political pressure to intervene. 17, 18 This paper describes the findings of a review that was conducted to assess the impact of immunization responses on measles outbreaks in middle and low income countries. The outbreak response activities are summarized, the effect on the course of each epidemic is examined, and current recommendations on the control of measles outbreaks in developing countries are reassessed.
METHOD
In this article, the term 'outbreak' is used to ensure consistency when referring to any increase in the occurrence of measles cases in a community above the number expected. Multiple methods were used to identify published articles or technical reports on measles outbreaks that occurred between the licensing of attenuated measles vaccine in 1963 and April 1995. A Medline search was conducted for articles published in English, French or Spanish during the period 1966 to April 1995 by combining the keyword 'measles' with 'outbreak/s' and 'epidemic/s'. Additional sources included the bibliographies of the Medline articles, the immunization database (EPIBIB) maintained by the Expanded Programme on Immunization (EPI) of WHO, and journal catalogues from the Pan American Health Organization and the Eastern Mediterranean Region of the WHO.
The outbreaks were then classified as occurring in high, middle or low income countries. 23 The articles from middle and low income countries were reviewed to determine whether an immunization activity was undertaken in response to the outbreak. An outbreak response immunization activity was defined as any immunization that was prompted by the increase in measles incidence and was conducted as a supplement to routine immunization services.
An effort was made to validate the reported impact of the outbreak response immunization activities using data presented in the articles. Two outcome measures were used to assess the impact of the activities: a marked diminution or cessation of reported cases within 2 weeks of ending the outbreak response and/or a demonstrated reduction in morbidity or mortality among individuals who were immunized during the outbreak.
RESULTS

Literature Search
The literature search and record review identified 301 reports of measles outbreaks that occurred between 1963 and 1995. Sixty-six reports described outbreaks in a total of 35 middle or low income countries (Table 1) . Seventeen measles outbreak reports described 13 separate immunization responses in 12 middle or low income countries (four outbreaks were reported in two articles or reports). Table 2 summarizes in chronological order the 13 outbreaks which occurred in middle and low income countries and for which an immunization response was reported. [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] These outbreaks spanned the period 1977-1993 and ranged from 2 to 17 months in duration. The magnitude of the outbreaks varied substantially, from a school-based outbreak of 22 cases on a small offshore island in Taiwan 30, 31 to a district-wide epidemic of approximately 20 000 cases in Ethiopia. 26, 27 In all of the outbreaks, cases were reported among children aged less than one year; the upper age limit was above 15 years in 11 of the 13 outbreaks for which these data were available. [25] [26] [27] [28] [29] [32] [33] [34] [35] [36] [37] [38] [39] [40] Two of the 13 outbreaks were virologically confirmed as measles. 36, 39 In eight of the outbreaks, cases were diagnosed as measles on the basis of a clinical case definition that was similar to that recommended by the WHO. 41 The basis for confirming the other three outbreaks as measles was not stated.
24-40
Outbreak Characteristics
Outbreak Immunization Strategies
The outbreak immunization strategies that were reported from the middle or low income countries were categorized as either non-selective immunization, selective immunization, or an early 2-dose schedule (Table 3) . There was insufficient information to classify definitively two of the reported outbreak responses. 26, 27, 40 In response to seven of the outbreaks, a non-selective immunization campaign was conducted in which all children in a target age group were vaccinated, regardless of their prior immunization status. 24, [28] [29] [30] [31] [32] 34, [36] [37] The scale of the non-selective campaigns varied widely, with between approximately 100 and 60 000 doses of vaccine administered to the target populations.
Three of the outbreak responses consisted of selective immunization campaigns in which some individuals were excluded from the target population, usually due to documentation of prior immunization with either one or two doses of measles vaccine. 25, 33, 39 An early 2-dose immunization strategy was implemented in one large urban area due to the high attack rate in children aged <9 months, the usual age for measles immunization in that country. 35 This strategy followed the WHO recommendation of administering the first dose of measles vaccine to infants at 6 months of age in areas where there is a high risk of measles morbidity and mortality. 42 The target age group for the immunization activity was specified for six of the 13 outbreak responses. During one of these responses, the age limit for immunization was lowered to 6 months of age. 35 The upper limit for immunization was at least 9 years of age in seven of the eight outbreaks for which this information was available. [28] [29] [30] [31] 34, [36] [37] [38] [39] [40] During two of the 13 outbreaks, the immunization response was expanded to include areas where measles cases had not yet occurred. One immunization response included nearby villages where no outbreak had occurred, 26, 27 while the other included the second school on an island with a school-based outbreak.
30,31
Impact of Outbreak Immunization on the Epidemics
For eight of the outbreaks, there was either a statement on the impact of the immunization activity or an assessment of its effect. [26] [27] [28] [29] [30] [31] [32] 34, 35, [37] [38] [39] an evaluation of the impact based on the data provided in the reports. Five reports did not review the impact of the activity or did not provide sufficient data to allow for an independent assessment. 24, 25, 33, 36, 40 Of the eight outbreak response reports with information on their impact, three stated that there was no effect on the course of the epidemic, four suggested a reduction in morbidity among the target age groups and one claimed an interruption of virus transmission.
The articles which reported no impact on the course of the epidemic provided evidence of both ongoing transmission and a failure to achieve high coverage among the target population. In Brazil, an immunization coverage survey was conducted when cases continued to increase despite a widespread non-selective immunization campaign. 28, 29 The survey revealed that among children who had not developed measles, immunization coverage had increased from only 50% before the campaign to 55% afterwards. A similar study following the introduction of the early 2-dose schedule in Niger showed that only 31% of the eligible target population received an early dose and that the return rate for the second dose by 12 months of age was less than 60%. 35 Of the five reports which stated that the outbreak immunization may have resulted in a reduction in morbidity, two included data which supported that conclusion. In the school-based outbreak in Taiwan, the last case occurred 10 days after non-selective immunization of all 435 school-aged children on the island, suggesting that the last child with measles had been exposed prior to the outbreak response. 30, 31 During one of the outbreaks in Nepal, it was found that previously unimmunized children who did not receive vaccine during the outbreak were significantly more likely to acquire measles than those who were immunized during the outbreak (OR = 2.2, 95% CI : 1.1-4.5). 37 It was not stated, however, whether the analysis controlled for age, risk of exposure, and other factors that may have contributed to this finding. Furthermore, the epidemic curve from that outbreak demonstrated ongoing measles transmission for at least 2 months after the end of the immunization activity.
A lack of information on the timing of the immunization response precluded an independent assessment in two of the three remaining outbreaks. 32, 34 For the remaining outbreak in Palau, there was insufficient data to verify that the cessation of cases was due to the gradual immunization of approximately 10 000 of the 15 000 total population. 38 Furthermore, an earlier report stated that selective immunization of approximately 3000 contacts of cases had not affected that epidemic. 39 
Impact of Outbreak Immunization on Mortality
Only one of the reports commented on the impact of the immunization activities on the outbreak-associated mortality. Following a large outbreak in Ethiopia, a retrospective study determined that the case fatality rate of 27% had resulted in 4500-5000 deaths. 26, 27 Subsequently, it was stated that the immunization response was '… not thought to have reduced mortality on a large scale'. 26 However, no data on the case fatality rates before and after the immunization response were presented, and there was no information on mortality among susceptible children concerning whether they received measles vaccine during the outbreak. 
Yes
No Over 50% of cases occurred in the 2.5 months after the response Palau 38, 39 Yes No The initial immunization, of 2980 contacts, did not stop the outbreak Taiwan 40 
Yes No cases occurred more than 2 weeks after the intervention activities in middle and low income countries. Even where outbreak immunization has been documented, there is seldom sufficient information to evaluate the success or failure of the activity. The data that are available, however, suggest that outbreak immunization activities in developing countries do not have a significant impact on the course of measles epidemics. A combination of strategic and logistic factors may have contributed to the limited impact of these outbreak immunization activities. Immunization activities usually did not begin until well after the onset of the outbreaks, by which time the measles virus had probably spread widely. [26] [27] [28] [29] [30] [31] 37, 40 Regardless of the strategy that was used, the outbreak immunization frequently failed to reach those individuals who had been missed by routine immunization services. The only outbreak response which demonstrated a possible impact had rapidly achieved 100% coverage among a limited population on a small offshore island in an upper-middle income country. 27, 28 Many of these obstacles are similar to those in industrialized countries where outbreak immunization has had a limited impact, 2, 43, 44 often because the highly transmissible virus had spread extensively before the response began. Although measles immunization may prevent disease in susceptible contacts of cases, there is a marked decline in the efficacy of post-exposure prophylaxis when administered more than 72 hours after exposure. [45] [46] [47] [48] Given the delays between notification of measles cases and the mounting of an immunization response, it is very difficult to ensure post-exposure prophylaxis is delivered in time to affect the course of an epidemic. Even in situations where measles outbreak control activities may reduce the number of cases, the cost per case prevented can be excessive.
2,49-51
The reasons for seeking to control measles outbreaks in developing countries are at least as compelling as those in industrialized nations (Table 5 ). Because infants in developing countries may receive measles vaccine under suboptimal conditions, the efficacy can be significantly lower than that observed in industrialized countries. 2, 52 Subsequently, the number of individuals who are susceptible to measles accumulates more rapidly, leading to more frequent epidemics among younger children, even in settings where immunization coverage is relatively high. The combination of these and other factors such as crowding, malnutrition and lack of supportive care 52 results in substantial outbreak morbidity in developing countries, with case fatality rates that are frequently over 10%. 26, [53] [54] [55] [56] [57] [58] [59] Because of the difficulty in controlling measles outbreaks once they have begun, increasing attention has been given to outbreak prevention using mass immunization campaigns. 60, 61 Countries as diverse as Chile, Cuba and the UK have predicted measles outbreaks using historical surveillance and immunization coverage data, and have then used this information to design outbreak prevention strategies. [61] [62] [63] [64] [65] In all of these countries, nationwide mass immunization campaigns were undertaken in pre-epidemic years targeting the age group where most of the susceptible individuals had accumulated. In Chile, an expected epidemic in 1992 was averted following a mass campaign among children aged 9 months to 14 years. There has not been an outbreak since 1982 in Cuba where mass campaigns were conducted in 1987 and 1994. A measles epidemic predicted for 1995 in the UK did not occur, and transmission was interrupted in most parts of the country following a nationwide mass campaign among children aged 6-16 years in November 1994. 66 In addition, an analysis conducted in that country suggested that the mass campaign was the most cost effective strategy for controlling measles there. 67 The findings of this review support current recommendations that measles outbreaks be exploited to educate health care workers, politicians and the general public as to the nature of the disease and the reasons for the outbreak. 17 Media coverage should be used to focus on the need for appropriate treatment of cases while political attention can be used to gain support for strengthening routine immunization services. 68 Problems with the delivery of routine immunization services should be identified and corrected. 18 Most importantly, outbreaks should be recognized as an opportunity to study and document changes in the epidemiology of measles so as to modify immunization strategies accordingly.
Although an immunization response to a measles outbreak may seldom be appropriate, there is often substantial political and/or community pressure to undertake control measures. Such responses should focus on reducing morbidity in the uninvolved areas where the epidemic is most likely to spread. All outbreak immunization activities should be carefully documented with information on the age and size of the target population, the geographical target area, the time since the beginning of the outbreak and the number of vaccine doses administered. An effort should be made to evaluate the impact of these activities by determining, at a minimum, the immunization coverage and the number and percentage of cases that occur more than 2 weeks after the end of the outbreak response.
CONCLUSIONS
Despite the substantial morbidity and mortality that is due to measles outbreaks in developing countries, limited information has been published on outbreak immunization control activities in such settings. The absence of data to the contrary supports the WHO recommendation that immunization campaigns should not be conducted routinely as a response to measles outbreaks in these countries. Given the limitations of measles outbreak immunization responses and the tremendous human and financial cost of the disease, alternative control strategies such as the prediction and prevention of outbreaks should be pursued.
